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ReferencesConclusion
Development  of  a  novel  surround  sound  format  and  
associated  microphone  techniques  
This  project  showed  the  need  for  a  new  loudspeaker  system  in  order  to  reproduce  sound  in  
a  perceptually  realistic  way  all  around  a  listener  on  the  horizontal  plane.  An  octagon  loud-­
speaker  setup  has  been  proposed.  Listening  tests  showed  that  the  octagon  performs  better  
than  the  3-­2  stereo  system  in  terms  of  homogeneity  of  the  localisation  and  ease  of  localisa-­
tion.
In  order  to  design  microphone  arrays  capable  of  recording  content  for  the  octagon  loud-­
speaker  array,  localisation  curves  have  been  measured  on  the  different  loudspeaker  seg-­
ments  of  the  octagon  as  a  function  of  ICLDs  and  ICTDs.  It  showed  that  localisation  curves  
depend   on   the   loudspeaker   segment   on  which   they   are  measured.   It   also   showed   that  
ICTDs  have  little  influence  to  the  side  of  the  listener  and  that  in  this  region  sound  images  
tend  to  be  attracted  towards  the  loudspeakers.  It  is  therefore  advised,  for  a  precise  localisa-­
tion  on  the  octagon  loudspeaker  array,  to  design  microphone  arrays  using  mainly  ICLDs  
to  the  side  of  the  system.
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The  most  common  surround  sound  format  (often  known  as  5.1)  does  not  enable  accurate  positioning  of  sounds  to  the  side  or  the  rear.  Based  on  a  detailed  analysis  of  the  binaural  hearing  
cues   used   by   humans,   a   new   surround   sound   loudspeaker   format   has   been   developed   using   8   loudspeakers   arranged   in   a   regular   octagon.   Listening   tests   have   been   conducted   to  
demonstrate  the  superiority  of  this  setup  compared  to  5.1  in  terms  of  accurate  sound  positioning  around  a  listener.  In  order  to  enable  development  of  microphone  techniques  to  capture  
soundfields  for  this  reproduction  system,  localisation  curves  needed  to  be  derived  that  map  the  relationship  between  a  range  of  interchannel  time  and  levels  differences  of  signals  (ICTDs  
and  ICLDs  respectively)  and  the  perceived  sound  location.  Various  signals  with  a  range  of  ICLDs  and  ICTDs  were  produced  between  pairs  of  adjacent  loudspeakers,  and  listeners  were  
asked  to  evaluate  the  perceived  sound’s  direction  and  its  locatedness.  The  results  showed  that  the  curves  for  the  side  pairs  of  adjacent  loudspeakers  are  significantly  different  to  the  front  
and  rear  pairs.  The  resulting  curves  have  been  used  to  derive  suitable  microphone  techniques  for  this  loudspeaker  setup.
Aim  of  the  project
This   project   aims   to   improve   consumer   surround   sound   systems,   by   developing   a  
loudspeaker   layout   that   allows   sounds   to   be   positioned   all   around   a   listener   on   the  
horizontal  plane,  using  a  system  that  is  practical  and  relatively  affordable  (i.e.  using  as  few  
loudspeakers   as   possible).   Once   the   loudspeaker   layout   has   been   created,   suitable  
microphone   techniques   need   to   be   derived   so   that   soundfields   can   be   recorded   and  
reproduced  in  a  perceptually  realistic  way.  The  system  was  developed  using  stereophonic  
techniques,  which  require  little  computation,  a  limited  number  of  loudspeakers  and  do  not  
require  any  individualisation.
Stereophonic  reproduction  of  sound
Currently,  sound  engineers  tend  to  use  stereophonic  (stereo)  techniques,  as  opposed  to  the  
techniques   developed   in   research,   such   as   sound   field   reconstruction   and   synthesis  
techniques,  and  binaural  techniques.  In  stereo,  the  position  of  a  sound  image  between  two  
loudspeakers   can   be   controlled   by   applying   InterChannel   Level   Differences   (ICLDs)  
and/or  InterChannel  Time  Differences  (ICTDs)  between  the  loudspeaker  signals  [1,  2].
It   has   been   shown   that   on   a   conventional   2-­channel   system   (using   two   loudspeakers  
located  +/-­  30°  off-­centre  to  the  front  of  the  listener),  ICLDs  produce  binaural  localisation  
cues  at   the  ears  of   the  listener   that  are  consistent  with  the  binaural  cues  produced  by  a  
single   sound   source.  On   the   other   hand,   the   binaural   localisation   cues   produced   using  
ICTDs  are  inconsistent  and  unnatural  [3].
A   3-­2   stereo   system   (composed   of   three   front   loudspeakers   used   for   frontal   sound  
reproduction  and  two  loudspeakers  used  for  surround  sound  reproduction)  using  ICLDs  
and  ICTDs  cannot  reproduce  stable  images  to  the  side  nor  to  the  rear  of  the  listener  [2,  4].  
A   solution   could   be   to   design   a   new  
loudspeaker  array  that  would  have:
-­  a  central  loudspeaker  for  centre  image  
stability
-­   a   regular   structure   for  
homogeneity
-­  two  90°  off-­centre  loudspeakers  
for  side  stability
-­  less  than  60°  between  each  pair  
of  adjacent  loudspeakers  
The   octagon   loudspeaker   array  
pictured   in   Figure   1   fulfils   these  
requirements.
3-2 and octagon
3-2 system
octagon system
Figure   1:   The  octagon  and  3-­2  systems
Comparison   between   the   3-­2   stereo   system   and   the   octagon  
system
An  experiment  was  designed  to  compare  the  3-­2  stereo  and  octagon  loudspeaker  systems  
in  terms  of  localisation,  ease  of  localisation  and  homogeneity.  As  can  be  seen  in  Figures  2  
and  3,   the  3-­2  stereo  and  the  octagon  produced  similarly  localised  sound  images  to  the  
front  of  the  listener,  but  the  octagon  produces  more  stable  and  more  homogeneously  local-­
ised  sound  images  to  the  side  and  rear  of  the  listener.
Evaluation  of  localisation  curves  for  the  octagon  system
In  order  to  design  microphone  arrays  to  capture  sound  for  this  new  loudspeaker  system,  
localisation  curves  were  derived  using  a  series  of  subjective  experiments.  Localisation  
curves  describe,  for  a  given  pair  of  loudspeakers,  the  perceived  direction  of  a  sound  event  
for  any  combination  of  ICLD  and  ICTD.  
The  localisation  curves,  measured  for  each  segment  of  the  loudspeaker  system  on  one  side  
of   the   listener,   showed   that   ICTD  has   little   influence  on   the  position  of   the  perceived  
sound  for  both  side  loudspeaker  segments,  as  can  be  seen  in  Figure  5,  in  comparison  to  
Figure  4.  It  was  also  found  that  the  sound  images  are  more  easily  attracted  to  the  loud-­
speakers  to  the  side  of  the  listener:  a  small  ICLD  produces  a  larger  sound  image  angle  
shift  on  one  of  the  side  segments  than  it  would  on  one  of  the  front  or  rear  segments.
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Figure   4:   Localisation  map  for  loudspeakers
between  0°  and  45°
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Figure   5:   Localisation  map  for  loudspeakers
between  90°  and  135°
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Figure   3:   Perceived  direction  vs  intended
direction  on  a  3-­2  surround  sound  system
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Figure   2:   Perceived  direction  vs  intended  
directionon  an  octagon  sound  system
